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(54) Printer with print density switching means 

(57) The printer is capable of switching between a 
normal mode and an economy mode by acting on the 
print density and makes it possible to automatically de- 
termine the optimum print density according to the nor- 
mal mode with serious consideration given to the print 
quality and the economy mode with serious considera- 
tion given to operating costs, thereby decreasing the 
print consumables. The print mechanism section 1 is 
controlled by a print controlling section 2 that selects ei- 
ther the print density in normal mode or the print density 
in economy mode according to the normal/economy in- 
structions and controls the print density of said print 
mechanism section 1 to the selected print density. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a printer capable 
of switching over the print concentration. 

Such printers as electronic photograph printers, 
heat transfer printers, ink jet printers, etc. are widely uti- 
lized with an output unit of a computer, etc. a copier, a 
facsimile and so forth. 

The toner, heat transfer ink ribbons, ink cartridges, 
etc. in the printers are consumables, and are replaced 
by users. 

Because of the expansion of the utilization frequen- 
cy of printers in recent years, there is now a demand for 
reducing the consumption of the toners and other con- 
sumables used in order to reduce the cost (operating 
costs) of said consumables. 

2. Description of the Related Art 

A print density adjusting/designating means is in- 
stalled in an electronic photograph printer, etc. so that 
an operator may adjust said designating means to a de- 
sired print density and adjust the print density. 

If the print density is set at a low level by this print 
density adjusting means, the toner volume is reduced, 
while if the print density is set at a high level, the toner 
volume is increased. 

This print density adjusting function is installed so 
as to perform a printing operation at an optimum density 
without adjusting the volume of toner and the like used, 
though the toner volume can be adjusted if necessary. 

In general, the documents etc. to be printed are 
sometimes required to be printed in thick black ink with 
serious consideration given to print quality, while docu- 
ments for manuscripts are sometimes readable even 
though the print density is thin. 

For this reason, it is preferable to perform a printing 
operation with serious consideration given to the print 
quality and a printing operation with serious considera- 
tion given to the reduction of the volume of print con- 
sumables used, which involves the following problems 
in the prior art. 

(1 ) The conventional print density adjusting function 
is inherently a fine adjustment taking into serious 
consideration the print quality, and has difficulty in 
adjusting the print to a readable print density. 

(2) Because an operator's individual preference is 
reflected on the adjustment as the print density is 
adjusted by the operator, reduction of the print con- 
sumables is not very significant. 

(3) Adjustment care must be taken because the op- 
erator needs to make a fine adjustment whenever 
so required. 



SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
propose a printer capable of automatically determining 
s the optimum print density according to a normal mode 
with emphasis placed on print quality and to an economy 
mode with emphasis placed on operating costs, and 
thus decreasing the print consumables. 

Another object of the present invention is to propose 
10 a printer capable of automatically determining the opti- 
mum print density according to a normal mode with em- 
phasis placed on print quality and an economy mode 
with emphasis placed on operating costs, and thus de- 
creasing the toner volume. 
is To this end, the present invention proposes a print 
control apparatus as defined in claims 1 to 4. 

various embodiments and functionalities based on 
the present invention are summarised below. 

According to the present invention, it is possible to 
20 provide a printer having a print mechansim for a printing 
operation according to the print data and a print control- 
ling section for controlling said print mechanism section, 
characterized in that said print controlling section se- 
lects either the print density in normal mode or the print 
25 density in economy mode according to the normal/econ- 
omy instructions and controls the print density of said 
print mechanism section to the selected print density. 

Because a print controlling section selects either 
the print density in normal mode or the print density in 
30 economy mode according to the normal/economy in- 
structions and controls the print density, which selected 
the print density of the print mechanism section, this in- 
vention can make a print sufficient in print quality in the 
normal mode and can make a readable print in the econ- 
35 omy mode and moreover can automatically decrease 
the consumption volume of print consumables. In addi- 
tion, because the print density can be controlled auto- 
matically to a readable degree in the economy mode in- 
struction, the operator's attention becomes unneces- 
40 sary and the print operation can be controlled to an ad- 
equate print density and sufficient consumption volume 
reducing effect of consumables can be obtained. 

One aspect of this invention is characterized by in- 
stalling an instruction means for providing said normal/ 
45 economy instructions. 

Because an instruction means for performing the 
normal/economy instructions is installed, the operator 
can realize the aforesaid mode of operation simply by 
controlling the instruction means. 
50 Another aspect of this invention is characterized in 
that said print mechanism section is structured with a 
print mechanism for forming a latent image by latent im- 
age forming sections and onto an image carrier and for 
developing said latent image by a developing device 
55 having a toner replenishing section and that said print 
controlling section controls the toner density of said de- 
veloping device for controlling same to said print density 
that is selected. 
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Because the print mechanism is structured with a 
print mechanism for forming latent image in latent image 
forming sections and onto an image carrier and for de- 
veloping it in developing device having a toner replen- 
ishing section, wherein a print controlling section con- 
trols the toner density of the developing device for con- 
trolling the selected print density, the optimum print qual- 
ity can be easily realized by controlling the toner density. 

Still another aspect of this invention is characterized 
by installing a toner density detector for detecting said 
toner density and accommodating the designated toner 
density in normal mode and the designated toner den- 
sity in economy mode into said print controlling section 
and by controlling the toner replenishing section of said 
developing device by comparing the designated toner 
density in said normal mode with the detection output of 
said toner density detector when the normal mode is in- 
structed and for controlling the toner replenishing sec- 
tion of said developing device by comparing the desig- 
nated toner density in said economy mode with the de- 
tection output of said toner density detector when the 
economy mode is instructed. 

Because this invention accommodates a designat- 
ed toner density in normal mode and a designated toner 
density in economy mode into a print controlling section 
and controls a toner replenishing section of the devel- 
oping device through a comparison of the designated 
toner density in normal mode with the detection output 
of toner density detector when the normal mode is in- 
structed and controls the toner replenishing section 14 
of the developing device through a comparison of the 
designated toner density in economy mode with the de- 
tection output of said toner density detector when the 
economy mode is instructed, a toner savings can be re- 
alized by an easier toner density control. 

An embodiment of this invention is characterized by 
having first and second toner density detectors and dif- 
ferent in toner density-to-output linear characteristics as 
said toner density detector, where said print controlling 
section takes in the output of said first toner density de- 
tector when said normal mode is instructed and takes 
in the output of said second toner density detector when 
said economy mode is instructed. 

Because this embodiment installs first and second 
toner density detectors and is different in the toner den- 
sity-to-output linear characteristics as a toner density 
detector and uses selectively the normal/economy 
modes, a favorable toner density control becomes avail- 
able even if the toner density difference should be set 
to a large value against the normal mode and the econ- 
omy mode. 

Another embodiment of this invention is character- 
ized in that said image carrier is structured of a photo 
sensitive body and said latent image forming sections 
are comprised of a charging device for charging elec- 
tricity to said photo sensitive body and a light image writ- 
ing section, wherein said print controlling section con- 
trols the light intensity of said light image writing section 



for controlling it to the said print density that is selected. 

Because this embodiment structures an image car- 
rier with a photo sensitive body and structures latent im- 
age forming sections with a charging device for charging 

s electricity to the photo sensitive body and with a light 
image writing section so that a print controlling section 
can control the light intensity of light image writing sec- 
tion for controlling it to the selected print density, the ton- 
er volume can be decreased by controlling the light in- 

io tensity. This principle can also be applied to the toner of 
one constituent. 

Still another embodiment of this invention is char- 
acterized by installing a voltage impressing section for 
impressing a development bias voltage to said develop- 

15 ing device, wherein said print controlling section con- 
trols the development bias voltage of said voltage im- 
pressing section to control it to the said print density that 
is selected. 

Because this embodiment installs a voltage im- 

20 pressing section for impressing a development bias volt- 
age to a developing device wherein a print controlling 
section controls the development bias voltage of the 
voltage impressing section for controlling it to the select- 
ed print density, the toner volume can be decreased by 

25 controlling the development bias voltage. This principle 
can also be applied to the toner of one constituent. 

A further embodiment of this invention is a printer 
having a print mechanism section for performing a print- 
ing operation by adhering the coloring materials to a re- 

30 cording medium according to the print data and a print 
controlling section for controlling said print mechanism 
section, characterized in that said print controlling sec- 
tion changes the adhesion volume of coloring materials 
in said print mechanism section according to the normal/ 

35 economy instructions. 

According to this embodiment, because a print con- 
trolling section selects either the print density in normal 
mode or the print density in economy mode according 
to the normal/economy instructions and controls the 

40 print density that selected the print density of print mech- 
anism section, this invention can make a print sufficient 
in print quality in the normal mode and can make a read- 
able print in the economy mode and moreover can au- 
tomatically decrease the consumption volume of print 

45 consumables. In addition, because the print density can 
be controlled automatically to a readable degree in the 
economy mode instruction, the operator's attention be- 
comes unnecessary and the print work can be controlled 
to an adequate print density and sufficient consumption 

50 volume reducing effect of consumables can be ob- 
tained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1 is a principle diagram of this invention; 

Fig. 2 is a block flow diagram of a first embodiment 
of this invention; 

Fig. 3 is a block flow diagram of a second embodi- 
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ment of this invention; 

Figs. 4(A) and 4(B) are characteristic diagrams of 
a toner density detector in a second embodiment of 
this invention; 

Fig. 5 is a block diagram of a second invention of 
this invention; 

Fig. 6 is a process flow chart of a second embodi- 
ment of this invention; 

Figs. 7(A) and (B) are operation explanatory draw- 
ings of a second embodiment of this invention; 
Fig. 8 is a block flow diagram of a third embodiment 
of this invention; 

Figs. 9(A) and (B) are operation explanatory draw- 
ings of a third embodiment of this invention; 
Fig. 10 is a block flow diagram of a fourth embodi- 
ment of this invention; 

Figs. 1 1 (A) and (B) are operation explanatory draw- 
ings of a fourth embodiment of this invention; 
Fig. 1 2 is a block flow diagram of a fifth embodiment 
of this invention; and 

Fig. 1 3 is an operation explanatory drawing of a fifth 
embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments will now be described 
with reference to the accompanying drawings. 

Fig. 1 is a principle diagram of this invention. In this 
printer, there are a print mechanism section 1 and a print 
control section 2. The print control section 2 selects ei- 
ther the print density in normal mode or the print density 
in economy mode according to the normal/economy in- 
structions to control the print density of the print mech- 
anism section 1 to the selected print density. 

(a) Description of First Embodiment 

Fig. 2 is a block flow diagram of a first embodiment 
of this invention and shows an example of an electronic 
photograph printer. 

In the figure, a print mechanism section 1 is struc- 
tured with an electronic photograph print mechanism, 
and a developing device 1 3 having a charging device 
11 , a light image writing section 12 and a toner replen- 
ishing section 14 as well as a copier 15, an AC current 
eliminating device (separator) 16 and a cleaning section 
17 are installed around a turning photo sensitive drum 
10. 

The light image writing section 12 includes a lumi- 
nous source (semi-conductor laser) 120, a polygon mir- 
ror (light scanner) 121 for light-scanning the light of lu- 
minous source 120 and a mirror 122 for guiding the 
scanned light to a photo sensitive drum 10. 

The developing device 13 comprises a magnetic 
roller 1 3 for supplying to the photo sensitive drum 1 0 the 
two-constituent developing agent consisting of toner 
and carrier, a supply roller 131 for supplying the two- 



constituent developing agent to the magnetic roller 13, 
an agitation roller 1 32 for agitating the carrier and the 
toner, a flow plate 1 33 for guiding the residual develop- 
ing agent of a magnetic roller 1 30 to the agitation roller 

5 132 and a toner density sensor (permeability sensor) 
143 for detecting the permeability of a two-constituent 
developing agent and for generating the toner density 
detection output. 

The toner replenishing section 1 4 comprises a toner 

10 accommodating section (toner cassette) storing the ton- 
er, a supply roller 141 for supplying the toner from the 
toner accommodating section 140 to a developing de- 
vice 13, an agitation roller 142 for sending the toner to 
the supply roller 141 and a supply roller 143 for turning 

15 the supply roller 1 41 . 

This electronic photograph print mechanism func- 
tions, as publicly known, to uniformly charge the photo 
sensitive drum 1 0 with the charging device 1 1 , light-scan 
the light of luminous source 1 20 being driven by a video 

20 signal with the polygon mirror 1 21 , line-expose the pho- 
to sensitive drum via a mirror 122, form an electrostatic 
latent image, develop the toner by the developing device 
1 3, transfer the toner image on the photo sensitive drum 
1 0 by a copier 1 5 onto the paper being fed by a transfer 

25 roller 30 and separate the paper from the photo sensitive 
drum 10 using the AC current eliminating device 16. 

The residual toner on the photo sensitive drum 10 
after transferring the image is removed by a cleaning 
brush and a blade of cleaning section 17, and the sep- 

30 arated paper is sent to a fixer for the fixation of a toner 
image. 

On the other hand, the print controlling section 2 
comprises a control section (MPU) 20 that accommo- 
dates the designated toner density N in normal mode 

35 and the designated toner density E in economy mode, 
a control panel 21 including a normal mode key 21a and 
an economy mode designating key 21b, an A/D (Ana- 
logue/Digital) converter 22 for converting the detected 
voltage of toner density sensor 1 34 into a digital value 

40 and inputting it to the control section 20 and a motor 
driving circuit for driving a supply motor 143 by the in- 
struction of control section 20. 

This control section 20 controls the light image writ- 
ing section 1 2 and the like and controls the toner density 

« by the print information (inclusive of a video information) 
from a main control section, which is not shown in the 
figure. 

This control section operates as follows: With the 
economy mode key 21b on the control panel being de- 

50 pressed, the control section 20 selects the designated 
toner density E (for example, 3 wt%) in economy mode 
and controls the toner density. 

That is to say, the control section cyclically reads 
the detection voltage of the toner density sensor 1 34 via 

55 the A/D converter 22, compares it with the designated 
toner density E, turns the supply motor 1 43 for a certain 
period of time by the motor driving section 23 when the 
detected toner density by the detection voltage falls be- 
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low the designated toner density E, and replenishes a 
fixed volume of toner by the rotation of the supply roller 
141. 

Thereby, the toner density is controlled to the des- 
ignated toner density E, the print density becomes thin s 
to a readable degree, and the toner can be saved when 
printing papers for a manuscript. 

On the other hand, when the normal mode key 21a 
on the control panel 21 is depressed, the control section 
20 selects the designated toner density N (for example, 
6 wt%) in normal mode and controls the toner density. 

In short, the control section 20 cyclically reads the 
detection voltage of the toner density sensor 1 34 via the 
A/C converter 22, compares it with the designated toner 
density N, tu rns the supply motor 1 43 for a certain period 
of time by the motor driving section 23 when the detect- 
ed toner density detected by the detection voltage falls 
below the designated toner density N, and replenishes 
a fixed volume of toner by the rotation of supply roller 
141. 

Thereby, the toner density is controlled to the des- 
ignated toner density E, the print density becomes thick 
enough for a print quality that is suitable for printing the 
documents to be submitted. 

In this way, the print density is changed by changing 
the toner density in accordance with the normal/econo- 
my instructions, the printing is made at a print density 
sufficient for the print quality in the normal mode and the 
printing is performed at a print density that is readable 
in the economy mode in order to reduce the toner vol- 
ume automatically. 

Because this toner density is automatically set, the 
print density of a readable degree and the toner saving 
can be set with high efficiency, and the maximum toner 
saving can be achieved while maintaining the necessary 
print density. 

Furthermore, because the print density can be re- 
alized by controlling the toner density, the consumption 
volume of print consumables can be reduced compara- 
tively easily and effectively. 

(b) Description of Second Embodiment 

Fig. 3 is a block flow diagram of a second embodi- 
ment of a replenishing section, Fig. 4 is a characteristic 
diagram of a toner density detector in the second em- 
bodiment of this invention and Fig. 5 is a block diagram 
of the second embodiment of this invention. 

The components identical to those shown in Fig. 2 
have the same codes in Fig. 3 and Fig. 5, wherein Code 
18 is a heat fixer that heat-fixes the toner image on the 
paper onto which the toner image is transferred and dis- 
charges the said paper, Code 31 is a transfer belt that 
promotes the separation of paper being separated by 
the AC current eliminating device 16 and feeds it to the 
heat fixer 18, and Code 135 is a toner density sensor 
that is structured of an OD (optical density) sensor and 
has a luminous section and a light receptacle section, 



and optically detects the toner mark on the photo sen- 
sitive drum 10 for detecting the toner density. 

The reasons for installing this type of toner density 
sensors 1 34 and 1 35 are as stated below. As shown in 
Fig. 4(A), if the toner density exceeds the level of around 
5 wt%, the toner density-to-sensor output of the OD sen- 
sor 1 35 is saturated and therefore the linear character- 
istic range is from 1 to 5 wt%. On the other hand, as 
shown in Fig. 4(B), if the toner density falls below the 
level of around 3 wt%, the toner density-to-sensor out- 
put of aforesaid permeability sensor 134 is saturated 
and therefore the linear characteristic range is from 3 to 
8wt%. 

Therefore, for controlling the toner density in a wide 
range like the toner density at 6 wt% in the normal mode 
and the toner density at 3 wt% in the economy mode, 
the toner in economy mode cannot be controlled favo- 
rably only by the permeability sensor 134, and to the 
contrary, the toner in normal mode cannot be controlled 
favorably only by the OD sensor 1 35. 

For this reason, 2 toner density sensors 134 and 
1 35 different in linear characteristics are connected to 
the A/D converter 22 for selecting any of the detection 
outputs by the sensor selecting signal of control section 
20 so that a wide range of toner density controls can be 
realized. 

In addition to the normal mode key 21a and the 
economy mode key 21b, the present embodiment in- 
stalls on the control panel 21 a density changing instruc- 
tion switch 21 c for adjusting and changing the print den- 
sity during the normal mode in accordance with the op- 
erator's favorite, as well as a LED display section 21 d 
of a bar display system for displaying the instructed den- 
sity value. 

Fig. 6 is a process flow chart of a second embodi- 
ment of this invention and Fig. 7 is an operational ex- 
planatory drawing of a second embodiment of this in- 
vention. 

This embodiment operates as follows: With the 
economy mode key 21b on the control panel 21 being 
pressed down, the control section 20 elects the econo- 
my mode flag, while with the normal mode key 21a on 
the control panel 21 being pressed down, the control 
section 20 resets the economy mode flag. 

(1) In the control routine of toner density in Fig. 6, 
the control section 20 determines if the mode is an 
economy mode or not by the flag. 

(2) If the mode is the economy mode, the control 
section 20 selects the designated toner density E 
(for example, a slice value corresponding to 3 wt%) 
of economy mode, instructs the output selection of 
the OD sensor 1 35 to the A/D converter 22, reads 
the detection voltage of the OD sensor 1 35 via the 
A/D converter 22, compares it with the slice value 
E of the designated toner density, and returns to 
Step (1) if the detected voltage is higher than the 
slice value E of the designated toner density. 
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(3) To the contrary, if the control section 20 deter- 
mines that the detection voltage is tower than the 
slice value E of the designated toner density, it de- 
termines the toner density is thinner than the des- 
ignated toner density, rotates the supply motor 143 
for a certain period of time by the mode driving sec- 
tion 23, replenishes a fixed volume of toner by the 
rotation of supply roller 141 and returns to Step (1). 

Thereby, the toner density is controlled to the 
designated toner density E, the print density be- 
comes thinner to a readable degree, and toner can 
be saved when printing papers for a manuscript. 

(4) On the other hand, in the normal mode, the con- 
trol section 20 selects the designated toner density 
N (for example, the slice value corresponding to 6 
wt%) in normal mode, instructs the output selection 
of the permeability sensor 1 34 to the A/D converter 
22, reads the detection voltage of permeability sen- 
sor 1 35 via the A/D converter 22, compares it with 
the slice value N of designated toner density and 
returns to Step (1) if the detection voltage is lower 
than the slice value N of the designated toner den- 
sity. 

(5) To the contrary, if the control section 20 deter- 
mines that the detection voltage is higher than the 
slice value N of the designated toner density, it de- 
termines that the toner density is thinner than the 
designated toner density, rotates the supply motor 
1 43 for a certain period of time by the motor driving 
section 23, replenishes a fixed volume of toner by 
the rotation of the supply roller 141 and returns to 
Step(1). 

Thereby, the toner density is controlled to the des- 
ignated toner density E, and the print density becomes 
sufficiently thick for a print quality that is suitable for the 
documents to be submitted. 

In this way, the print density is changed by changing 
the toner density according to the normal/economy in- 
structions as shown in Fig. 7, and in the normal mode 
the printing is made at a print density sufficient for the 
print quality, while in the economy mode the printing is 
made at a print density of a readable degree, thus au- 
tomatically executing the toner saving. 

At this time, if the economy mode is switched over 
to the normal mode, printing is prevented from being ex- 
ecuted until the toner density inside the developing de- 
vice 1 3 reaches the designated density of 6 wt% in nor- 
mal mode by the replenishment of toner. 

On the other hand, when the normal mode is 
switched over to the economy mode, the toner density 
inside the developing device 1 3 needs to be lowered to 
3 wt% from 6 wt%. 

As methods for lowering the toner density, there are 
such methods as lowering the density to 3 wt% by con- 
tinuing the printing at the original toner density even af- 
ter the switch-over to the economy mode and the meth- 
od of starting the printing when the toner density has 



10 

reached the designated density in economy mode by 
conducting the charging, exposure, development and 
cleaning, adhering the toner onto the photo sensitive 
drum 1 0, collecting the toner by cleaning, and discarding 

s the toner. 

In the former method, the printing is made initially 
at a density thicker than the designated density in econ- 
omy mode even after the switch-over to the economy 
mode though there is no wasted toner, while in the latter 

10 method the printing can be made at the designated den- 
sity in economy mode from the beginning though the 
toner is wasted. 

Further, by using both the OD sensor 135 and the 
permeability sensor 1 34, a wide range of toner density 

is control in this way can be realized in a favorable manner. 
Fig. 7(B) shows the result of an experiment con- 
ducted by structuring the photo sensitive drum 10 with 
an amorphous silicone, structuring the carrier of a two- 
constituent developing agent with a magnetite system 

20 carrier and the toner with a polyester system toner with 
the periphery speed of the photo sensitive drum 10 set 
to 264 mm/sec; the magnetic roller 130 of the develop- 
ing device 1 3 set to its diameter of 50 mm and its pe- 
riphery speed of 250 rpm; the gap of doctor blade set to 

25 1 .2 mm, the development gap to 1 .0 mm, the developing 
section charging potential of photo sensitive drum 10 to 
430 V, and the development bias voltage to 240 V. 

When the designated toner density in normal mode 
has been set to 6 wt% in this case, the full density proved 

30 to be higher than 1 .25 with the line density being higher 
than 1 .30 and the toner consumption volume being 340 
g per 10,000 pages. 

On the other hand, when the designated toner den- 
sity in economy mode has been set to 3 wt%, the ful] 

35 density proves to be 1.00 to 1.10 with the line density 
being higher than 1 .20, and the characters could be de- 
ciphered to a sufficient extent. 

And the toner consumption volume proved to be 
240 g per 10,000 pages. 

40 As a result, it was confirmed that the toner can be 
saved by about 30% in the economy mode, and operat- 
ing costs can be reduced. 

(c) Description of Third Embodiment 

45 

Fig. 8 is a block flow diagram of a third embodiment 
of this invention and Fig. 9 is an operational explanatory 
drawing of a third embodiment of this invention. 

The components shown in Fig. 2 have the same 

so codes as those in Fig. 8, wherein Code 24 is a laser 
driving circuit that drives a laser luminous source 120 
according to the video signal at the current correspond- 
ing to the designated intensity and Code 25 is a high 
voltage power source that impresses a development bi- 

55 as voltage VB to the magnetic roller 130 of developing 
device 1 3. 

Its operation is explained with reference to Fig. 9 as 
follows: When the normal mode is designated by the 
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normal mode key 21a, the control section 20 switches 
the drive current of laser driving circuit 24 over to a large 
current. 

Thereby, the laser luminous source 120 emits the 
light according to the video signal at a large current, the 
luminosity intensity becomes greater, the potential at the 
exposure section is bwered as shown by VL1 and its 
difference (VB - VL1) from the development bias voltage 
VB becomes greater. 

Because the toner proportionate to this differential 
voltage moves from the developing device 1 3, the print 
density becomes sufficiently thick for a print quality, that 
is suitable for the documents to be submitted. 

The laser luminous source 120 changes the given 
current value at this time according to the density in- 
struction information designated by a density instruction 
switch (Fig. 5). 

Therefore, the print density is changed within a 
range suitable for printing the documents to be submit- 
ted. 

In addition, the charge voltage may be changed in 
accordance with this density instruction information. 

To the contrary, if the economy mode is designated 
by the economy mode key 21b, the control section 20 
switches the drive current of laser driving circuit 24 over 
to a small current. 

Thereby, the laser luminous source 120 emits light 
according to the video signal at a small current, the lu- 
minosity intensity becomes smaller, the potential of ex- 
posure section becomes high as shown by VL 2 and the 
difference (VB - VL1 ) from the development bias voltage 
VB becomes smaller as shown in Fig. 9(B). 

Because the toner proportionate to this differential 
voltage moves from the developing device 1 3, the print 
density becomes thinner, and toner can be saved when 
printing papers for a manuscript. 

In this way, the developing density can be controlled 
to a thick or thin density by changing the difference be- 
tween the development bias voltage VB and the poten- 
tial VL of exposure section, and the toner consumption 
volume can be reduced. 

This embodiment shows thetwo^component devel- 
oping agent, but can also be applied to a one-compo- 
nent developing agent. 

(d) Description of Fourth Embodiment 

Fig. 10 is a block flow diagram of a fourth embodi- 
ment of this invention, and Fig. 11 is an operational ex- 
planatory drawing of a fourth embodiment of this inven- 
tion. 

The components shown in Fig. 2 have the same 
codes as those in Fig. 10, wherein Code 24 is a laser 
driving circuit that drives the laser luminous source 1 20 
according to the video signal at a current corresponding 
to the designated intensity, and Code 25 is a high volt- 
age power source that impresses the development bias 
voltages VB1 and VB2 designated to the magnetic roller 



1 30 of the developing device 1 3. 

The operation of this embodiment is explained with 
reference to Fig. 11 as follows: When the normal mode 
is designated by the normal mode key 21a, the control 
5 section 20 switches the development bias voltage of 
high voltage power source 25 over to a large voltage 
VB1. 

Thereby, the developing device 1 3 devebps the im- 
age at the large development bias voltage VB1 , and the 
io difference (VB1 - VL) between the exposure section po- 
tential VL and the development bias voltage VB1 be- 
comes larger as shown in Fig. 11(A). 

Because the toner proportionate to this differential 
voltage moves from the developing device 13, the print 
is density becomes sufficiently thick for a print quality that 
is suitable for printing the documents to be submitted. 

To the contrary, if the economy mode is designated 
by the economy mode key 21b, the control section 20 
switches the development bias voltage of a high voltage 
20 power source over to a small VB2. 

Thereby, the developing device 1 3 develops the im- 
age with a small development bias voltage VB2, and the 
difference (VB2 - VL) between the exposure section po- 
tential VL and the development bias voltage VB2 be- 
25 comes smaller as shown in Fig 11 (B). 

Because the toner proportionate to this differential 
voltage moves from the developing device 13, the print 
density becomes thinner, and the toner can be saved 
when printing papers for a manuscript. 
30 in this way, the developing density can be controlled 
to a thick or thin density by changing the difference be- 
tween the development bias voltage VB and the expo- 
sure section potential VL, and the toner consumption 
volume can be reduced. 
35 This embodiment indicates a two-component de- 
veloping agent, but can also be applied to a one-com- 
ponent developing agent. 

(e) Description of Fifth Embodiment 

40 

Fig. 1 2 is a block flow diagram of a fifth embodiment 
of this invention, and Fig. 13 is an operational explana- 
tory drawing of the fifth embodiment of this invention. 
The components shown in Fig.2 have the same 

45 codes in Fig. 1 2, wherein Code 24 is a laser driving cir- 
cuit that drives the laser luminous source 1 20 according 
to the video signal at a current corresponding to the des- 
ignated intensity, and Code 25 is a high voltage power 
source that impresses the development bias voltages 

so VB1 and VB2 designated to the magnetic roller 130 of 
the developing device 1 3. 

The operation of this embodiment is explained with 
reference to Fig. 13 as follows: If the normal mode is 
designated by the normal mode key 21a, the control 

55 section 20 switches the drive current of the laser driving 
circuit 24 over to a large current and switches the de- 
velopment bias voltage of high voltage power source 25 
over to a large current VB1 . 
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Thereby, the laser luminous source 120 emits light 
according to the video signal at a large current with its 
luminous intensity becoming greater, and the potential 
of the exposure section becomes lower like the VL1 as 
shown in Fig. 1 3(A), while the developing device 1 3 de- 
velops the image at the large development bias voltage 
VB1 , and the difference (VB1 - VL1 ) between the poten- 
tial VL1 of the exposure section and the development 
bias voltage VB1 becomes greater. 

Because the toner proportionate to this differential 
voltage moves from the devebping device 1 3, the print 
density becomes sufficiently thick for a print quality, that 
is suitable for printing the documents to be submitted. 

To the contrary, if the economy mode is designated 
by the economy mode key 21b, the control section 20 
switches the drive current of the laser driving circuit 24 
over to a small current and switches the development 
bias voltage of high voltage power source 25 over to a 
small current VB2. 

Thereby, the laser luminous source 120 emits light 
according to the video signal at a small current with the 
luminous intensity becoming small, and the potential of 
the exposure section becomes higher, like the VL2 as 
shown in Fig. 1 3(B), while the developing device 1 3 de- 
velops the image at a small development bias voltage 
VB2 and the difference (VB2 - VL2) between the poten- 
tial VL2 of the exposure section and the development 
bias voltage VB2 becomes smaller. 

Because the toner proportionate to this differential 
voltage moves from the developing device 1 3, the print 
density becomes thinner, and toner can be saved when 
printing papers for a manuscript. 

In this way the developing density can be controlled 
to a thick or thin density by changing the difference be- 
tween the development bias voltage VB and the poten- 
tial VL of the exposure section, and the toner consump- 
tion volume can be reduced. 

This embodiment indicates a two-component de- 
veloping agent, but can also be applied to a one-com- 
ponent developing agent. 

In addition, since the print density is controlled both 
by the exposure intensity and the development bias volt- 
age, the designated print density can be easily set. 

(f) Description of Other Embodiments 

In addition to the aforementioned embodiments, the 
present invention also covers the transformations as cit- 
ed below : 

(1 ) The printer has been described by using an elec- 
tronic photograph printer, but in a heat transfer print- 
er the heat transfer ink of a heat transfer ribbon can 
be saved by changing the heating current, while in 
an ink jet printer the ink can be saved by controlling 
the ink jet volume and in an impact printer the serv- 
ice life of the ink ribbon can be elongated. 

(2) Mention has be made of a printer, but this inven- 



tion can also be applied to such printers as a copier, 
a facsimile and so forth. 

(3) A variety of such combinations may be applied 
as necessary, such as the combination of toner den- 

5 sity control with exposure intensity control, and the 
combination of toner density control with develop- 
ment bias voltage control. 

(4) The normal/economy instructbns are provided 
from the control panel in the said embodiments, but 

io may also be given from a host computer, etc. 

As described in the above, the following effects can 
be proposed according to the present invention. 

is (1 ) Because the print density of a print mechanism 
section is classified into sufficient print quality and 
readable degree print quality according to the nor- 
mal/economy instructions, the consumption volume 
of print consumables can be automatically reduced 

20 thereby contributing to the reduction in operating 
costs with a subsequent lower consumption volume 
of toner and ink including harmful substances, and 
environmental pollution when the printer is broken 
is lessened. 

25 (2) Because the print density can be controlled to 
an adequate readable print density, the operator's 
participation becomes unnecessary. 

The present invention has been described with ref- 
30 erence to some preferred embodiments in the above, 
but various transformations are available within the 
scope of the purport of this invention, which should not 
be excluded from the scope of this invention. 

35 

Claims 

1 . A print control apparatus comprising: first and sec- 
ond print process mechanisms for controlling a vol- 

40 time of toner particles applied to a print medium, 
and a print mechanism which is controlled by said 
print process mechanisms in accordance with the 
print data, characterized in that: 

said first and second print process mecha- 

45 nisms are controlled in such a manner that, when a 
printing operation is performed in an economy 
mode, both said first and second print process 
mechanisms control the volume of toner particles 
applied to a print medium by said print mechanism 

so more than when the printing operation is performed 
in a normal mode. 

2. A print control apparatus comprising: a print mech- 
anism for performing a printing operation in accord- 

55 ance with the print data, and a detecting means for 
obtaining an information in response to a volume of 
toner particles applied to a print medium by said 
print mechanism, characterized in that: 
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said print mechanism is controlled in such a 
manner that, during a normal mode, a first print- 
ing condition is effected, in which a printing op- 
eration is performed in accordance with the in- 
struction from said detecting means, a first vol- s 
ume of toner particles determined in response 
to the normal mode instruction is applied to a 
print medium and, during an economy mode, a 
second printing condition is effected, in which 
the printing operation is performed in accord- 10 
ance with a second instruction from said detect- 
ing means, a second volume of toner particles 
less than that of a first volume of toner particles; 
and when the detecting means is changed from 
said economy mode to said normal mode, the is 
volume of toner particles which is to be applied 
to printing medium is increased to the first vol- 
ume; 

the printing operation by said print mechanism 20 
is deferred until said detecting means shows 
that the first volume of toner particles is sup- 
plied to said print medium. 

3. A print control apparatus comprising: a print mech- 25 
anism for performing a printing operation in accord- 
ance with the print data, and a detecting means for 
obtaining information in response to a volume of 
toner particles applied to a print medium by said 
print mechanism, characterized in that: 30 

said print mechanism is controlled in such a 
manner that, during a normal mode, a first print- 
ing condition is effected, in which a printing op- 
eration is performed in accordance with the in- 35 
struction from said detecting means, a first vol- 
ume of toner particles determined in response 
to the normal mode instruction is applied to a 
print medium and, during an economy mode, a 
second printing condition is effected, in which *o 
the printing operation is performed in accord- 
ance with a second instruction from said detect- 
ing means, a second volume of toner particles 
less than that of a first volume of toner particles; 
and 45 



a print medium; 

an operating board having a first instruction 
means for selectively instructing normal/econ- 
omy mode and a second instruction means for 
instructing slight regulation of said volume of 
toner particles when the normal mode is in- 
structed. 

a storing means for storing a first printing con- 
dition in which a first volume of toner particles 
determined in accordance with the normal 
mode is applied to the print medium by said 
print mechanism and a second printing condi- 
tion in which a volume of toner particles which 
is smaller than that in the normal mode is ap- 
plied to the print medium by said print mecha- 
nism; and 

a print controller for controlling the volume of 
toner particles applied to the print medium by 
said print mechanism under a print condition in 
which the first printing condition is slightly reg- 
ulated in accordance with the instruction from 
said second instruction means when the nor- 
mal mode is instructed by said first instruction 
means, and for controlling the volume of toner 
particles applied to the print medium by said 
print mechanism under the second print condi- 
tion when the economy mode is instructed by 
said second instruction means. 



when the detecting means is changed from said 
normal mode to said economy mode, the print- 
ing operation by said print mechanism is main- 
tained even though said detecting means so 
shows that a volume of toner particles which is 
more than the second volume of toner particles 
is supplied to said print medium. 

A print control apparatus comprising: ss 

a print mechanism for performing a printing op- 
eration by applying a volume of toner particles 
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Fig. 9(A) 
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Fig. 13(A) 
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